flD-fti38  126 


UNCLASSIFIED 


EFFECTS  OF  EXTENDED  USE  OF  AN/PVS-5  NIGHT  VISION 
GOGGLES  ON  HELICOPTER  PILOTS'  PERFORHRNCE(U)  ARMY 
REROMEDICAL  RESEARCH  LAB  FORT  RUCKER  AL 
L  W  STONE  ET  RL  JAN  84  USAARL-84-3 


F/G  5/5 


NL 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  OF  STANDARDS  - 1%3  A 


■  lilinn.l  MW* 


II 


USAARL  REPORT  NO.  84-3 


EFFECTS  OF  EXTENDED  USE  OF  AN/PVS-5  NIGHT 
VISION  G066LES  ON  HELICOPTER  PILOTS’ 
PERFORMANCE 


By 

Lewis  W.  Stone 
Chester  K.  Duncan 


BIOMEDICAL  APPLICATIONS  RESEARCH  DIVISION 


January  1984 

U.S.  ARMY  AEROMEDICAL  RESEARCH  LABORATORY 
FORT  RUCKER,  ALABAMA  36362 


; n ; -  hen  :'<  on  approved 

. i  ’ j  :  :#*•  ..:.d  sale:  its 

■  'in!. mit'  d. 


NOT!  OF. 


Qualified  Requesters 

Qualified  requesters  may  obtain  copies  from  the  Defense  Technical  Information 
Center  (DTIC) ,  Cameron  Station,  Alexandria,  Virginia.  Orders  will  be  expe¬ 
dited  if  placed  through  the  librarian  or  other  person  designated  to  request 
documents  from  DTIC. 

Change  of  Address 

Organizations  receiving  reports  from  the  US  Army  Aeromedical  Research  Labora¬ 
tory  on  automatic  mailing  lists  should  confirm  correct  address  when  corre- 
•sponding  about  laboratory  reports. 

Disposition 

Destroy  this  report  when  it  is  no  longer  needed.  Do  not  return  it  to  the 
originator . 

Disc la imer 


The  views,  opinions,  and/or  findings  contained  in  this  report  are  those  of 
the  author (s)  and  should  not  be  construed  as  an  official  Department  of  the 
Army  position,  policy,  or  decision,  unless  so  designated  by  other  official 
documentation.  Citation  of  trade  names  in  this  report  does  not  constitute 
an  official  Department  of  the  Army  endorsement  or  approval  of  the  use  of  such 
commercial  items. 

Human  Use 

Human  subjects  participated  in  these  studies  after  giving  their  free  and 
informed  voluntary  consent.  Investigators  adhered  to  AR  70-25  and  USAMRDC 
Reg  70-25  on  Use  of  Volunteers  in  Research. 

Reviewed : 


Director 

Biomedical  Applications  Research 


Division 


Released  for  Publication: 


Chairman,  Scientific  Review 
Committee 


A  %  "V 

IHjDLF.Y  r.  /rice 

Colonel,  MC,  SFS 
Command ing 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  fWhon  Data  Bntere d) 


REPORT  DOCUMENTATION  PAGE 


1.  REPORT  NUMBER 

USAARL  Report  No.  84-3 


4.  TITLE  (end  Submit) 

EFFECTS  OF  EXTENDED  USE  OF  AN/PVS-5  NIGHT  VISION 
GOGGLES  ON  HELICOPTER  PILOTS'  PERFORMANCE 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


^J^E^^^NT’S  CATALOG  NUMBER 


5.  TYPE  OF  REPORT  A  PERIOD  COVERED 


6.  PERFORMING  0R6.  REPORT  NUMBER 


7.  AUTHOR^ 

Lewis  W.  Stone 
Chester  E.  Duncan 


8.  CONTRACT  OR  GRANT  NUMBERfaj 


9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

US  Army  Aeromedical  Research  Laboratory 

P.0.  Box  577 

Fort  Rucker,  AL  36362 


II.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

US  Army  Medical  Research  &  Development  Command 
Fort  Detrick 
Frederick,  MD  21701 


4.  MONITORING  AGENCY  NAME  a  AODRESSfl/  different  from  Controlling  Oitlco) 


10.  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  &  WORK  UNIT  NUMBERS 

.27. 77. A,  3E162777A879 ,  BH, 
61;  6. 27. 73. A,  3E162773A819 , 
0.001 


12.  REPORT  DATE 

January  1984 


is.  NUMBER  OF  PAGES 

45 


IS.  SECURITY  CLASS,  (ol  thte  repo n) 


Unclassified 

15a.  DECLASSIFICATION/ DOWNGRADING 
SCHEDULE 


16.  DISTRIBUTION  STATEMENT  (ol  thle  Report) 

This  document  has  been  approved  for  public  release  and  sale;  its  distribution  is 
unlimited. 


17.  DISTRIBUTION  STATEMENT  (of  thm  mb  0  tree  t  entered  in  Block  20 ,  If  dltfmront  from  Report) 


19.  KEY  WORDS  (Confinut  on  reemreo  mi  dm  If  neceeeery  mid  Identify  by  block  number) 

Night  vision  goggles  (NVG) ,  aviator  fatigue,  crossover  analysis,  workload, 
aviator  workload,  continuous  operations,  aviator  performance 


20.  abstract 


See  back  of  form. 


I  Identity  by  Block  number) 


romm  un 

I  JAM  73  WJ 


EDITION  OF  •  NOW  «>  IS  OBSOLETE 


UNCLASSIFIED _ 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  fWhan  Dele  Entered) 


UNCLASSIFIED _ 

SECURITY  CLASSIFICATION  OF  THIS  PAOEflTlin  Dmtm  Bntmtmd) _ 

20.  ABSTRACT: 

'-‘The  effects  of  extended  use  of  AN/PVS-5  night  vision  goggles  (NVG)  were 
investigated  by  observing  10  NVG  helicopter  instructor  pilots  during  two  6-hour 
missions.  Each  mission  consisted  of  three  2-hour  flights  during  which  pilot 
control  inputs  and  aircraft  status  variables  were  recorded  in  flight.  Question¬ 
naires  were  completed  before  the  first  mission  and  after  the  NVG  mission.  in 
order  to  examine  for  a  carryover  effect,  subjects  were  flown  in  a  crossover 
design  in  which  half  of  the  aviators  flew  NVG  on  the  first  mission,  the  other 
half  on  the  second.  Only  the  out-of-ground-eff ect  hover  showed  a  statistically 
significant  carryover  effect;  that  is,  subjects  who  flew  naked  eye  before  NVG 
demonstrated  a  greater  absolute  difference  in  hover  flight  performance  variabil¬ 
ity  than  those  who  flew  naked  eye  after  NVG  flight.  In  the  traffic  pattern 
(final  approach  segment),  there  was  a  statistically  significant  difference 
between  the  visual  conditions  only.  The  postflight  questionnaire  responses 
revealed  a  concern  over  what  was  described  as  a  "lack  of  concentration"  and  a 
"decline  of  mental  alertness."  Some  physiological  stress  reactions  were 
reported.  None  of  the  three  maneuvers  analyzed  revealed  a  significant  effect 
on  performance  across  flights,  v 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  THIS  PAGEfHTien  Dmtm  Enltrtd) 


TABLE  OF  CONTENTS 


PAGE  NO 


List  of  Tables .  2 

List  of  Illustrations .  2 

Introduction . . .  3 

Method . . .  3 

Subjects  .  3 

Materials . 4 

Aircraft  .....  .  4 

Night  Vision  Goggles  (NVG)  .  4 

Inflight  Recording  System  .  5 

Questionnaire  .  5 

Procedure  .  5 

Data  Collection .  5 

Data  Analysis .  6 

Results . . .  8 

Inflight  .  8 

Questionnaires  .  . .  14 

Preflight .  14 

Postflight .  15 

Discussion .  15 

Conclusions .  17 

References  cited  .  18 

Appendixes 

Appendix  A  -  Consent  Forms .  19 

Appendix  B  -  Preflight  and  Postflight  Questionnaires  .  23 

Appendix  C  -  Variable  Plots  by  Visual  Condition,  Day,  and 

Flight .  28 

Appendix  D  -  Preflight  Questionnaire  Summary  .  33 

Appendix  E  -  Postflight  Questionnaire  Summary  .  37 


LIST  OF  TABLES 


PAGE  NO 


1 .  Demographic  Information  .  4 

2.  Selected  Variables  for  Each  Maneuver  .  7 

3.  Results  of  Univariate  Crossover  Analysis  (F-Table)  .  9 

4.  Results  of  Fisher's  Lambda  Test  Performed  on  Crossover  Analysis  10 

5.  Multivariate  Analysis  of  Variance  on  First  Period  Hover  ....  11 

6.  Multivariate  Analysis  of  Variance  on  Second  Period  Hover  ...  11 

7.  Multivariate  Analysis  of  Variance  Using  Both  Periods  for 

Traffic  Pattern  and  Standard  Rate  Turn .  13 

8.  Univariate  F  Tests  for  Traffic  Pattern  Visual  Condition  ....  14 


LIST  OF  ILLUSTRATIONS 

FIGURE  PAGE  NO 

1.  Mean  Pitch  Standard  Deviation  for  Visual  Condition  Groups 

on  Each  Day .  12 


INTRODUCTION 


The  accomplishment  of  continuous  military  operations  has  always  been 
limited  by  man's  ability  to  function  effectively  at  night.  Even  30,  U.S. 

Army  doctrine  (DA,  1982)  stresses  the  need  for  round-the-clock  operational 
capability.  This  doctrine  also  suggests  that  future  combat  scenarios  may 
require  day  and  night  operational  capability  for  periods  up  to  72  hours  in  a 
midintensity  situation  (DA,  1979).  A  recent  Army  Aviation  Mission  Area 
Analysis  (USAAVNC,  1982)  further  determined  that  aviators  flying  combat 
aircraft  may  be  required  to  fly  for  6  hours  or  more  in  a  24-hour  period.  At 
least  part,  if  not  all,  of  that  time  could  be  flown  in  darkness  with  the 
aviator  wearing  Night  Vision  Goggles  (NVG). 

Previous  studies  utilizing  the  NVG  both  in  the  airborne  setting  and  in 
the  laboratory  have  assessed  pilot  performance  with  and  without  the  aid  of 
the  NVG.  The  main  difference  between  the  conditions  appears  to  have  been  an 
increase  in  the  variability  of  both  pilot  and  aircraft  performance  due  to 
reduced  field  of  view  (Sanders  et  al. ,  1975;  Lees  et  al.,  1976;  Lees, 

Kimball,  and  Stone,  1977)  and  degraded  depth  perception  (Wiley  et  al. ,  1976). 
In  addition  to  being  somewhat  restrictive,  the  NVG  is  relatively  heavy  and 
gets  uncomfortable  after  only  a  short  period  of  wear.  While  research 
continues  to  find  ways  to  improve  the  goggles,  the  fact  remains  that  NVG 
permit  aviators  to  fly  in  conditions  that  would  be  prohibitive  without  them. 

This  current  study  sought  to  examine  the  aviator  psychomotor  (through 
flight  control  and  aircraft  status  inputs)  changes  over  a  period  of  6  hours 
with  nearly  continuous  wear  of  the  NVG.  Questionnaires  also  were  used  to 
assess  the  aviators'  subjective  opinions  regarding  their  own  behavior. 


METHOD 


SUBJECTS 

Ten  male  volunteer  NVG  helicopter  instructor  pilots  were  recruited  from 
Fort  Rucker,  Alabama  (Appendix  A).  Demographic  information  about  the  ten  men 
is  shown  in  Table  1 . 


TABLE  1 


DEMOGRAPHIC  INFORMATION 


Subject 

Age 

Total  Flying  Time 
bv  Years  and  Hours 
Years  Hours 

Total 

NVG 

Hours 

1 

36 

10 

3000 

100 

2 

32 

7 

3000 

20 

3 

27 

2 

800 

30 

4 

31 

10 

3000 

50 

5 

42 

19 

4000 

19 

6 

29 

4 

4200 

65 

7 

37 

11 

4500 

15 

8 

30 

3 

950 

30 

9 

33 

10 

4050 

30 

10 

28 

4 

1000 

30 

Minimum 

27 

2 

800 

15 

Maximum 

42 

19 

4500 

100 

Mean 

32.5 

8 

2850 

38 

MATERIALS 


MrcreLt 

All  missions  were  flown  in  an  Army  JUH-1H  helicopter  carrying  only  the 
subject,  the  safety  pilot,  and  a  technical  observer  to  operate  the  Helicopter 
Inflight  Monitoring  System  (HIMS).  A  separate  helicopter  was  used  to 
maintain  aircraft  clearance  in  the  maneuver  area. 


Night  Vision  Goggles  (NVG) 

Standard  issue  AN/PVS-5  NVG  were  used  throughout  the  study.  The  NVG  were 
fitted  with  a  standard  issue  daylight  training  filter  adjusted  to  approximate 
half-moon  lighting.  Nonstandard  items  (i.e.,  counterbalancing  weights  or 
elastic  tubing)  were  not  fitted  to  the  helmet  or  NVG. 


The  HIMS  (Huffman,  Hofmann,  and  Sleeter,  1972)  was  used  to  monitor 
cyclic,  collective,  and  pedal  position  as  well  as  aircraft  status 
information.  The  system  was  modified  to  also  monitor  the  slip  indicator 
position.  Information  was  sampled  continuously  at  a  rate  of  20  scans  per 
second  and  recorded  on  magnetic  tape  in  real  time  via  an  incremental  digital 
recorder. 


Two  questionnaires  were  administered  to  each  subject  (Appendix  B) .  A 
preflight  questionnaire  was  used  to  gather  basic  demographic  data  on  each 
subject  and  to  ascertain  his  current  state  of  rest.  A  postflight 
questionnaire  provided  the  subject  an  opportunity  to  subjectively  rate  the 
mission  as  to  the  degree  of  difficulty  and  the  effects  of  weather,  and  comment 
as  to  whether  if  at  any  time  during  the  mission  he  felt  fatigued  or  noticed  a 
change  in  his  performance. 


PROCEDURE 


Two  subjects  were  brought  to  the  Highfalls  Test  Facility  on  the  first  day 
of  a  testing  cycle.  Both  pilots  filled  out  preflight  questionnaires,  then 
flew  naked-eye  in  separate  1-hour  flights  during  which  they  rehearsed  each  of 
the  four  maneuvers  to  be  flown  during  the  data  collection  phase: 

1 .  A  normal  traffic  pattern. 

2.  A  nap-of-the-earth  flight  (NOE)  over  the  U.S.  Army  Aeromedical 
Research  Laboratory  NOE  course. 

3.  An  out-of-ground-effect  (OGE)  hover  at  50  feet  above  ground  level 
(AGL)  for  2  minutes. 

M.  A  orecision  coordination  exercise  of  approximately  8  minutes. 

One  of  the  subjects  then  flew  the  data  collection  phase  on  the  second  and 
fourth  days  of  the  cycle;  the  other  subject  flew  on  the  third  and  fifth  days. 
On  each  of  these  test  days,  the  respective  subject  flew  a  6-hour  mission 
consisting  of  three  2-hour  flights  separated  by  just  enough  time  to  refuel 
the  helicopter.  During  one  of  the  missions,  a  pilot  wore  the  AN/PVS-5  NVG 
equipped  with  daylight  filters.  During  the  other  mission,  he  did  not  wear  the 
NVG.  The  sequence  for  wearing  the  NVG  was  reversed  for  each  half  of  the 
subjects,  and  pilots  were  allowed  to  remove  the  helmet  and  goggles  during  the 
refueling.  Each  2-hour  flight  consisted  of  three  sets  of  the  four  maneuvers 
previously  described. 


In  order  to  read  flight  instruments  accurately,  an  aviator  must  refocus 
the  NVG  to  see  the  instrument  panel  and  then  change  focus  again  to  see 
outside.  To  preclude  constant  adjustment  of  NVG  focal  length,  sane  normal 
flight  procedures  were  altered  slightly.  The  pilot  was  asked  to  fly  headings 
given  by  the  safety  pilot  using  clock  references  to  current  aircraft  heading. 
Initial  altitudes  were  given  to  the  pilot  and  he  continued  to  fly  that 
altitude  as  he  perceived  it.  (The  altimeters  were  covered.)  The  safety 
pilot  instructed  the  subject  to  fly  the  NOE  course  at  an  altitude  and 
airspeed  commensurate  with  the  terrain,  as  the  subject  pilot  felt  it 
appropriate.  Each  traffic  pattern  was  begun  and  terminated  at  a  reference 
mark  located  on  the  runway.  Except  for  periods  of  instruction  by  the  safety 
pilot,  the  subject  remained  at  the  controls  until  he  had  landed  the  aircraft 
or  until  he  had  been  relieved  by  the  safety  pilot.  Postflight  questionnaires 
were  administered  after  the  NVG  mission. 

Data  storage  aboard  the  helicopter  was  limited  to  minutes  during  each 
2-hour  flight;  therefore,  continuous  performance  was  n<  .ecorded.  It  was 
decided  to  collect  data  for  key  segments  of  each  maneu  and  to  record  only 

two  of  the  three  repetitions  of  each  maneuver  in  each  .  •-  flight.  The  two 

repetitions  were  preselected  so  as  to  provide  an  option.  .ount  of  data 

balanced  for  early,  middle,  and  late  sets  across  flights.  The  recorded 

segments  consisted  of  the  full  time  of  the  hover,  the  final  approach  part  of 
the  traffic  pattern,  the  turns  of  the  precision  exercise,  and  preselected 
turns  along  the  NOE  course. 


Although  recorded,  the  NOE  data  was  not  analyzed  because  subsequent 
examination  revealed  excessively  large  individual  differences  in  the  way 
pilots  flew  the  course.  The  variables  used  in  the  rest  of  the  maneuver 
analyses  were  those  which  reflected  an  input  from  the  pilot  in  a  given 
maneuver  (altitude  and  standard  deviations  of  control  position  in  a  hover, 
for  example)  and  not  those  which  reflected  characteristic  functions  of  the 
aircraft  in  the  environment  (e.g. ,  the  control  position  itself  is  determined 
by  the  weight  and  balance  of  the  aircraft  and  changes — independent  of  the 
pilot — as  fuel  is  consumed).  A  complete  list  of  the  variables  examined  for 
each  maneuver  is  shown  in  Table  2. 


TABLE  2 


SELECTED  VARIABLES  FOR  EACH  MANEUVER 


(OGE)  HOVER 

CFACPS  (Cyclic  fore/aft  control  position  standard  deviation) 
CLRCPS  (Cyclic  left/right  control  position  standard  deviation) 
COLCPS  (Collective  control  position  standard  deviation) 

PEDCPS  (Pedal  control  position  standard  deviation) 

PIT  SD  (Pitch  standard  deviation) 

ROL  SD  (Roll  standard  deviation) 

RA  X  (Mean  radar  altitude) 

RA  SD  (Radar  altitude  standard  deviation) 

TRAFFIC  PATTERN 

CFACPS 

CLRCPS 

COLCPS 

BALL  SD  (Slip  indicator  position  standard  deviation) 

•PEDCPS 
PIT  SD 
ROL  SD 

HEA  SD  (Heading  standard  deviation) 

DESRATEX  (Mean  rate  of  descent) 

•DESRATES  (Rate  of  descent  standard  deviation) 

STANDARD  RATE  TURN 

CFACPS 

CLRCPS 

COLCPS 

•PEDCPS 

ROL  X  (Mean  angle  of  bank) 

ROL  SD 

TRNRATEX  (Mean  rate  of  turn) 

TRNRATES  (Rate  of  turn  standard  deviation) 

•BA  X  (Mean  barometric  altitude) 

BA  SD  (Standard  deviation  of  barometric  altitude) 


•Dropped  from  final  analysis. 


With  respect  to  the  traffic  pattern  (final  approach)  and  the  standard 
rate  turn  analyses,  10  variables  had  originally  been  judged  pertinent.  The 
final  analyses,  however,  limited  the  input  to  eight  variables  to  satisfy 
restrictions  on  the  degrees  of  freedom.  Therefore,  preliminary  statistical 
analyses  were  performed  to  select  the  two  variables  to  be  dropped  from  the 
final  analysis.  Using  the  standard  discriminant  function  coefficients  as 


7 


criteria,  the  pedal  position  standard  deviation  (PEDCPS)  and  the  rate  of 
descent  standard  deviation  (DESRATES)  were  found  to  contribute  least  to  the 
outcome  of  the  traffic  pattern  statistical  test  and  were  dropped  from  further 
analysis.  For  the  standard  rate  turn  analysis,  the  PEDCPS  and  mean 
barometric  altitude  (BA  X)  were  dropped  for  the  same  reason. 

Analysis  of  the  inflight  data  was  patterned  after  the  two-period  repeated 
measures  crossover  design  developed  by  Wallenstein  and  Fisher  (1977).  This 
procedure  allowed  subjects  to  be  used  as  their  own  controls  and  also 
permitted  investigators  to  determine  if  a  factor  in  the  first  period  (Day  1) 
affected  results  in  the  second  period  (Day  2).  The  design  had  a  potential 
disadvantage  in  that  if  there  was  a  statistically  significant  carryover 
effect  present,  the  analysis  could  be  based  only  on  the  first  period  data. 


RESULTS 


INFLIGHT 

Two  subjects  failed  to  complete  the  6-hour  NVG  profile.  One  resigned  in 
extreme  discomfort  after  5  hours  of  NVG  flight;  the  other  subject  was 
withdrawn  after  displaying  tremulousness  of  the  extremities  during  an 
unrecorded  NOE  segment  3  1/2  hours  into  his  NVG  mission.  This  was  presumed 
to  be  fatigue  related  or  induced.  Flight  behavior  up  to  the  point  of 
withdrawal  in  both  subjects  was  unremarkable;  inflight  data  demonstrated  no 
significant  changes  in  performance  over  the  period  up  to  that  point.  Mild 
tremors  also  were  observed  in  a  third  pilot;  but  they  did  not  intensify,  so 
he  was  allowed  to  continue. 

Table  3  shows  the  results  of  the  crossover  analyses  of  the  indicated 
maneuvers.*  Asterisks  mark  those  variables  whose  probability  fell  below  the 
selected  cutoff  (p  <  .05).  When  the  three  arrays  were  screened  via  Fisher's 
Lambda  to  determine  what  effect  they  had  overall  (Table  4),  only  the  OGE  hover 
showed  a  significant  carryover  effect. 


*  "Period"  in  Table  3  refers  to  a  test  of  the  first  three  flights  versus 
the  second  three  flights  without  regard  to  visual  condition.  "Carryover" 
refers  to  a  test  of  the  two  visual  conditions  and  the  sequence  in  which 
flown. 


Variable 


Visual 
Condition 
(df  =  1) 


Period 
(df  =  1) 


Carryover 
(df  =  1) 


i.* 

O 

L". 


HOVER 


CFACPS 

1 .30 

0.52 

2.20 

CLRCPS 

1 .07 

0.00 

1 .04 

COLCPS 

1.46 

0.02 

2.95 

PEDCPS 

5.76* 

0.13 

1.35 

PIT  SD 

1.40 

0.13 

31.21* 

ROL  SD 

1.14 

0.02 

30.38* 

RA  X 

0.50 

0.55 

5.98* 

RA  SD 

1.74 

0.13 

2.74 

TRAFFIC  PATTERN 


CFACPS 

0.03 

3-23 

0.84 

CLRCPS 

0.02 

0.14 

0.62 

COLCPS 

0.01 

0.98 

0.00 

PEDCPS 

1.75 

0.36 

0.11 

BALL  SD 

1.13 

0.01 

2.22 

HEA  SD 

2.36 

1.66 

3.42 

PIT  SD 

0.76 

0.86 

0.58 

ROL  SD 

0.39 

0.30 

0.15 

DESRATEX 

0.84 

0.14 

0.40 

DESRATES 

0.31 

1.88 

0.22 

STANDARD 

RATE  TURN 

CFACPS 

2.05 

0.85 

0.43 

CLRCPS 

1 .32 

0.11 

3.85 

COLCPS 

0.01 

0.03 

0.00 

PEDCPS 

0.10 

0.07 

0.02 

ROL  X 

0.01 

0.01 

0.06 

ROL  SD 

1.17 

0.02 

3.77 

TRNRATEX 

0.04 

0.01 

0.01 

TRNRATES 

9.11* 

0.25 

3.11 

BA  X 

0.06 

0.21 

0.18 

BA  SD 

0.02 

1 .34 

0.01 

•  n  <  -DR. 


TABLE  4 


RESULTS  OF 

FISHER'S  LAMBDA  TEST 

PERFORMED  ON 

CROSSOVER  ANALYSIS 

Carryover 

Treatment 

Period 

Effect 

50' 

HOVER 

Lambda 

23.01 

5.32 

52.90 

df 

16 

16 

16 

P 

0.11 

0.99 

0.00 

TRAFFIC 

PATTERN 

Lambda 

15.59 

18.16 

16.23 

df 

16 

16 

16 

P 

0.48 

0.31 

0.44 

STANDARD 

RATE  TURN 

Lambda 

18.25 

8.03 

17-11 

df 

16 

16 

16 

P 

0.31 

0.95 

0.38 

As  Indicated  earlier,  demonstration  of  a  statistically  significant 
carryover  effect  would  indicate  that  flight  experience  in  one  of  the  visual 
conditions  during  the  first  period  influenced  performance  during  the  second 
flight  period.  In  this  case,  only  the  hover  maneuver  was  affected.  As  a 
consequence,  the  hover  data  was  reexamined  using  the  first  and  second  periods 
separately  with  a  multivariate  analysis  of  variance  (MANOVA)  procedure 
developed  by  Hughes,  LaRue,  and  Yost  (1969).  The  results  of  the  first  period 
examination  are  shown  in  Table  5.  These  data  indicate  no  statistically 
significant  differences  between  visual  conditions  (V),  2-hour  flights  (F),  or 
their  interaction  (VF).  A  statistically  significant  interaction  between  the 
flights  and  the  visual  conditions  (VF)  was  noted  for  the  second  day  (Table 


TABLE  5 


MULTIVARIATE 

ANALYSIS 

OF  VARIANCE 

ON  FIRST 

PERIOD  HOVER 

HOVER 

Test 

Roots 

F 

df  hyp 

df  err  p 

R 

VF 

1 

0.58 

16 

18 

0.86 

0.71 

2 

0.17 

7 

9.5 

0.99 

0.34 

V 

1 

0.78 

8 

1 

0.71 

0.93 

F 

1 

0.84 

16 

18 

0.63 

0.75 

2 

0.47 

7 

9.5 

0.84 

0.51 

Note: 

V  =  visual  conditions, 

F  =  2- hour 

flights, 

VF  =  interaction  of 

visual  conditions  and  flight. 


TABLE  6 

MULTIVARIATE  ANALYSIS  OF  VARIANCE  ON  SECOND  PERIOD  HOVER 


HOVER 


Test 

Roots 

F 

df  hyp 

df  err 

P 

R 

VF 

1 

3.62 

16 

18 

0.01 

0.90 

2 

3.19 

7 

9.5 

0.05 

0.94 

V 

1 

1441 .34 

8 

1 

0.02 

1 .00 

F 

1 

2.16 

16 

18 

0.06 

2 

0.96 

7 

9.5 

0.53 

0.64 

Note: 

V  =  visual 

conditions, 

F  =  2- hour 

flights,  VF 

=  interaction  of 

visual  conditions  and  flights. 


Further  examination  using  data  plots  provided  a  clear  (though  not 
statistically  significant)  difference  between  the  two  visual  conditions  on 
both  days  for  each  variable.  The  mean  pitch  standard  deviation,  for  example 
is  displayed  in  Figure  1 .  Group  1  wore  the  NVG  the  first  day  and  flew  by 
naked  eye  the  second  day.  The  sequence  was  reversed  for  Group  0.  The  figur 
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FIGURE  1 .  Mean  pitch  standard  deviation  for  visual  condition  groups  on  each 
day.  (Group  1  wore  NVG  on  Day  1,  Group  0  used  naked  eye  on  Day  1.) 


illustrates  the  greater  difference  between  visual  conditions  when  viewed  by 
sequence.  The  direction  of  change  showed  an  increase  between  the  first  and 
second  days  for  Group  0,  where  the  direction  of  change  was  decreased  for 
Group  1 ;  and  the  amount  of  change  was  greater  for  Group  0  than  for  Group  1 . 
That  difference  in  absolute  change  from  Day  1  to  Day  2  illustrates  carryover 
effect.  (Plots  of  all  eight  variables  examined  in  the  analysis  of  the  OGE 
hover  are  shown  in  Appendix  C.) 


The  MANOVA  test  results  for  the  traffic  pattern  and  standard  rate  turn 
maneuvers  are  shown  in  Table  7.  Since  there  were  no  statistically 
significant  carryover  effects  in  either  of  these  maneuvers,  data  from  both 
periods  were  combined.  There  were  no  statistically  significant  effects 
observed  in  the  standard  rate  turn  results.  The  only  significant  effect  in 
the  traffic  pattern  was  for  visual  condition  (V).  Univariate  F-test  results 
for  that  maneuver  are  shown  in  Table  8.  They  identify  the  main  contributors 
as  the  standard  deviations  of  the  cyclic  (left/right)  control  position 
(CLRCPS),  the  collective  control  position  (COLCPS),  the  pitch  (PIT  SD) ,  and 
the  roll  (ROL  SD);  and  the  mean  rate  of  descent  (DESRATEX). 


TABLE  8 


UNIVARIATE 

F  TESTS  FOR  TRAFFIC 

PATTERN  VISUAL 

CONDITION 

TRAFFIC  PATTERN 

Variable 

F( 1 ,9) 

Mean  Square 

P 

CFACPS 

2.22 

0.07 

0.17 

CLRCPS 

9.02 

0.15 

0.02 

COLCPS 

18.86 

0.23 

0.00 

BAL  SD 

0.27 

0.00 

0.62 

PIT  SD 

8.18 

8.76 

0.02 

ROL  SD 

62.83 

15.54 

0.00 

HEA  SD 

1 .10 

3.55 

0.32 

DESRATEX 

10.81 

53.60 

0.01 

QUESTIONNAIRES 


Preflight 

Data  are  summarized  in  Appendix  D.  All  subjects  reported  being  well 
rested  (Items  13  and  14).  Each  was  confident  that  he  could  fly  with  the 
goggles  (item  18)  at  least  as  long  as  he  had  (reportedly)  flown  with  them  in 
the  past  (Item  17);  most  thought  it  possible  to  fly  even  longer.  Each 
aviator  reported  his  safe  limit  of  goggle  flight  time  (Item  19)  as  equal  to 
or  less  than  his  respective  "possible"  limit  (Item  18). 

Items  20  and  21  provided  each  aviator  an  opportunity  to  express  his 
attitude  toward  the  goggles.  Item  20  concerned  the  perceived  benefits.  Not 
unexpectedly,  the  principal  benefit  of  the  NVG  was  reported  as  some  form  of 
vision  enhancement  under  otherwise  limited  visibility  conditions.  Item  21 
asked  about  perceived  discrepancies  of  the  NVG.  The  principal  item  there 
revealed  dissatisfaction  with  field  of  view  across  all  subjects.  The  second 
most  frequent  entry  in  Item  21  was  a  concern  over  NVG  weight  and  weight 
distribution  on  the  helmet.  All  of  the  subjects  complained  during  the 
flights  about  the  weight  and  the  chafing  of  the  soalp  (called  "hot  spots"). 
In  fact,  one  subject  withdrew  as  a  direct  result.  Other  complaints  were 
reported  as  lack  of  depth  perception,  refocusing  requirements  when  shifting 
attention  between  points  inside  and  outside  the  cockpit,  inadequate  means  of 
mounting  NVG  to  the  helmet,  and  poor  resolution.  Also,  some  subjects 
expressed  concern  about  the  lack  of  a  backup  power  supply  for  the  NVG, 
especially  during  terrain  flight. 


Data  are  summarized  in  Appendix  E.  After  experiencing  some  6  hours  of 
flying  with  the  goggles,  the  aviators  were  given  an  opportunity  to  reassess 
the  maximum  time  each  thought  he  could  wear  the  NVG.  Five  subjects  adjusted 
their  tolerance  limits  upward,  one  stayed  the  same,  three  reduced  their 
limits,  and  one  did  not  comment  (Item  2).  However,  there  was  no  significant 
change  between  the  mean  of  the  maximum  NVG  flight  time  they  perceived 
possible  before  the  NVG  mission  and  the  mean  of  the  maximum  flight  time  they 
recommended  after  the  mission. 

In  response  to  the  postflight  questionnaire  items  3-5,  the  subjects 
recommended  reduced  flight  time  over  continuous  days  of  NVG  missions  and 
recommended  25 %  to  50%  decrease  in  flight  time  beyond  these  limits  when  NVG 
missions  were  flown  in  conjunction  with  daylight  missions.  The  primary 
difficulties  identified  by  the  subjects  (Item  6)  closely  paralleled  the 
perceived  problems  described  by  them  in  the  preflight  questionnaire.  The 
aviators  also  complained  about  "lens  fogging."  In  several  instances,  the 
safety  pilot  had  to  take  the  controls  while  the  subject  wiped  off  the 
eyepieces  so  he  could  see  to  continue.  Several  subjects  mentioned  a  lack  of 
concentration  after  several  hours  of  flight  with  the  NVG.  One  pilot 
described  the  feeling  as  a  "decline  of  mental  alertness."  One  subject  was  so 
upset  by  a  combination  of  hot  spots  and  his  perceived  loss  of  concentration 
that  he  withdrew  with  less  than  an  hour  to  go  to  complete  the  6-hour  profile. 
Physiological  symptoms  also  were  listed.  Several  pilots  reported  nausea, 
upset  stomach,  and  eye  strain.  One  pilot  reported  no  difficulties  at  all. 


DISCUSSION 


A3  indicated  earlier,  reduced  field  of  view,  degraded  depth  perception, 
and  discomfort  are  well-documented  characteristics  associated  with  the 
(unmodified)  AN/PVS-5  NVG.  In  fact,  a  student  handout  used  at  the  Army 
Aviation  Center  at  Fort  Rucker,  Alabama,  since  1979  contains  an  excellent 
summary  of  those  problems  and  offers  some  helpful  suggestions  to  overcome 
them  (U.S.  Army  Aviation  Center,  1979). 

Two  findings  in  this  study  were  important.  First,  carryover  effects 
found  during  the  hover  portion  of  the  study  and  revealed  by  the  crossover 
analysis  suggested  that  aviators  who  flew  near  the  ground  with  the  NVG  after 
having  flown  naked  eye  were  affected  to  a  significantly  different  degree 
(quantitatively)  and  in  a  different  way  (qualitatively)  than  those  who  flew 
with  NVG  followed  by  naked  eye.  The  authors  offer  as  a  plausible  explanation 
that  the  pilots  who  flew  naked  eye  first  became  accustomed  to  a  certain  cue 
milieu.  Subsequent  flight  with  NVG  changed  those  cue  patterns  enough  to 
measurably  affect  performance.  Those  who  had  become  used  to  the  NVG-oriented 
cues  first  were  not  so  affected  when  they  flew  later  without  NVG.  In  either 
case,  when  flying  near  to  the  ground,  performance  during  the  first  period  was 
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not  statistically  significantly  different  between  those  wearing  the  NVG  and 
those  not.  There  was,  however,  a  statistically  significant  difference 
between  those  wearing  the  NVG  and  those  not  wearing  them  on  the  second  day. 
So,  it  would  seem  that  flying  near  the  ground  during  daylight  hours  followed 
by  flying  in  NVG  conditions  would  call  for  more  pilot  caution  than  when 
flying  in  NVG  conditions  followed  by  naked  eye. 

The  fact  that  flight  performance  at  altitude  (as  little  as  500  feet)  was 
not  marked  by  similar  changes  in  variability  was  probably  due  to  the  change 
in  cues  that  normally  accompanies  a  change  in  altitude  as  experienced  in  this 
study.  Reduced  field  of  view  and  degraded  depth  perception  would  require  a 
pilot  operating  close  to  the  ground  to  look  well  ahead  of  the  aircraft  for 
necessary  information.  At  altitude,  the  point  of  regard  for  similar 
information  would  not  likely  be  very  different  whether  or  not  a  pilot  was 
wearing  NVG.  In  the  final  approach  maneuver,  the  reduction  in  altitude  and 
correlated  changes  in  visual  cues  are  the  probable  cause  of  the  significant 
differences  between  visual  conditions  (NVG  versus  naked  eye)  found  in  that 
maneuver. 

The  second  important  finding  in  the  study  was  that  whatever  effect  the 
NVG  might  have  had  on  performance  at  the  start,  in  most  cases  it  did  not 
change  significantly  over  the  three  2-hour  flights.  The  authors  would  be 
remiss,  though,  if  they  left  the  impression  that  the  6  hours  with  NVG  had  no 
effect  on  the  pilots.  The  changes  in  disposition  brought  on  with  the 
discomfort  experienced  by  the  aviators  while  wearing  the  NVG  were 
unquestionably  real.  Of  the  two  aviators  who  did  not  complete  the  "assigned 
mission,"  the  one  in  whom  the  tremors  developed  may  not  have  been  able  to 
continue  flying  in  the  relatively  strict  requirements  of  NOE  flight.  The  one 
who  succumbed  to  discomfort  might  have  been  able  to  continue  under  combat 
circumstances.  Behavior  of  people  under  high  stress  is  not  easily 
predictable.  Certainly,  in  a  peacetime  scenario,  a  flight  commander  would  be 
well-advised  to  avoid  extended  periods  of  NVG  wear  (i.e. ,  over  4  hours) — not 
because  of  any  quantitative  performance  decrements,  per  se,  but  because  of 
the  distractive  interference  caused  by  personal  discomfort.  The  caution  is 
even  more  appropriate  where  NVG  wear  follows  daylight  flying. 

While  not  specifically  examined  in  this  study,  it  is  possible  that  the 
wide  range  of  comfort/discomfort  expressed  by  the  aviators  was  largely  a 
result  of  individual  fitting  of  the  SPH-4  helmet  when  worn  with  the  NVG.  As 
indicated  in  the  student  handout  referenced  earlier,  field  commanders  should 
emphasize  to  their  aviators  that  proper  fit  of  the  SPH-4  helmet  is  an 
important  step  toward  reducing  and/or  delaying  onset  of  discomfort.  When  the 
NVG  is  added  to — or  removed  from — the  helmet,  readjustment/refit  is 
imperative.  Improper  adjustments  can  aggravate  a  potentially  serious  problem 
area. 
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CONCLUSIONS 


When  operating  a  helicopter  close  to  the  ground,  the  use  of  NVG  is 
associated  with  greater  variability  of  aviator  input  and  aircraft  status 
variables;  and  that  increase  in  variability  is  more  manifest  when  NVG  flight 
follows  naked  eye  flight  (daylight  to  darkness)  than  when  naked  eye  flight 
follows  NVG  flight  (darkness  to  daylight)  The  effects  of  extended  flight 
(up  to  three  2-hour  flights  in  a  UH— 1 )  do  not  significantly  change  the 
psychomotor  performance  of  aviators  under  relatively  unstressed  situations 
whether  or  not  NVG  are  being  worn.  The  discomfort  from  wearing  the  NVG  over 
the  same  period  of  time,  on  the  other  hand,  could  lead  to  individual  attitude 
problems  severe  enough  to  affect  the  mission.  Properly  refitting  the  helmet 
with  the  NVG  in  place  could  effectively  reduce,  delay,  or  possibly  eliminate 
the  discomfort. 
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PILOT* S  INFORMED  CONSENT 
(Description  of  Study) 


This  study  is  designed  to  examine  pilot  performance  during  extended  night 
vision  goggle  flight  operations.  The  information  gained  will  be  useful  in 
assessing  proposed  NVG  flight  limits  for  future  combat  TOE  flight  units. 

We  are  concerned  with  physiological  and  psychomotor  aspects  of  pilot 
performance  and  the  safety  aspects  of  extended  helicopter  operations. 
Therefore,  we  are  asking  you  to  aid  us  in  collecting  several  types  of  data  on 
day-unaided  flight  and  6  hours  of  continuous  day  flight  wearing  NVG  with  day 
filters. 

All  profiles  flown  will  be  approximately  2  hours  in  duration.  Before  and 
after  these  flights,  you  will  be  monitored  by  an  electromyographic  (EMG) 
device.  It  will  be  attached  to  muscles  on  the  back  of  your  neck  by  means  of 
noninvasive  electrodes  to  record  electronic  impulses  of  your  neck  muscles. 

You  may  remove  the  electrodes  immediately  after  your  measurements  by  peeling 
them  off. 

Under  the  terms  of  this  agreement,  you  may  rest  assured  that  data  collected 
during  this  experiment  will  be  grouped  together  with  data  from  other  aviators 
and  treated  for  research  purposes  only. 


Date  of  Briefing 


Signature 


PRIVACY  ACT  STATEMENT 


The  information  solicited  in  this  questionnaire  will  be  used  for  research 
and  statistical  analysis  of  the  problem  of  Army  aviator  fatigue  in  usage  of 
night  vision  goggles.  It  will  be  kept  confidential  and  names  will  not  be 
used  in  any  reports,  published  or  unpublished,  of  this  data.  Participants 
will  be  identified  only  by  randomly  assigned  project  identification  numbers. 

Disclosure  is  voluntary;  however,  failure  to  do  so  will  seriously  limit 
the  usefulness  of  other  data  obtained  from  the  individuals  in  this  project. 

I  have  read  and  understand  the  above  statement  and  consent  to  the  use  of 
this  information  as  described. 


Signature  Date 


VOLUNTEER  PARTICIPATION  AGREEMENT 

I, _ _ _ ,  SSN _ , 

having  attained  my  eighteenth  (18th)  birthday,  and  otherwise  having  full 
capacity  to  consent,  do  hereby  volunteer  to  participate  in  an  investiga¬ 
tional  study  dealing  with  fatigue  and  the  AN/PVS-5  Night  Vision  Goggles, 
under  the  direction  of  Major  Chester  E.  Duncan,  MSC,  and  Lewis  W.  Stone,  DAC. 

The  implications  of  my  voluntary  participation;  the  nature,  duration,  and 
purpose;  the  methods  by  which  it  is  to  be  conducted;  and  the  inconveniences 
and  hazards  which  may  reasonably  be  expected  have  been  explained  to  me  by 
Major  Duncan  and  are  set  forth  in  Appendix  C  [sic],  which  I  have  signed.  I 
have  been  given  an  opportunity  to  ask  questions  concerning  this  investiga¬ 
tional  study  and  my  questions  have  been  answered  to  my  full  and  complete 
satisfaction. 

I  understand  that  I  may  at  any  time  during  the  course  of  this  study  revoke  my 
consent  and  withdraw  from  the  study  without  prejudice. 


Signature 


Date 


I  was  present  during  the  explanation  referred  to  above  as  well  as  the 
Volunteer's  opportunity  for  questions  and  hereby  witness  his  signature. 
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PREFLIGHT  QUESTIONNAIRE 


1 .  Name 


2.  Are  you  currently  rated  and  proficient  in  the  UH-1H?  Yes  _  No  _ 

3.  Are  you  currently  instrument  rated  and  proficient?  Yes  _  No  _ 

4.  Total  number  of  years  of  military  flying  experience  _ 

5.  Total  number  of  flight  hours  _ . 

6.  Total  number  of  flight  hours  last  6  months  _ . 

7.  Are  you  qualified  to  fly  with  night  vision  goggles?  Yes  _  No  _ 

8.  Total  number  of  hours  NVG  flight  _ . 

9.  Total  number  of  NVG  flight  hours  last  6  months _ . 

10.  Total  number  of  NVG  flight  hours  in  standard  flight  (above  125  AGL) 


11.  Total  number  of  NVG  flight  hours  in  terrain  flight  (below  125  AGL) 


12.  How  many  drinks  of  alcohol  or  cans  of  beer  have  you  had  in  the  last  24 

hours?  _ 

13.  How  many  hours  of  sleep  do  you  usually  need  per  24-hour  period  to  feel 

well  rested?  _ 

14.  How  many  hours  of  sleep  have  you  had  in  the  last  24  hours?  _ 

15.  Rate  your  use  of  caffeine-containing  beverages  in  the  last  24  hours 
(circle  letter  of  correct  response). 

a.  None  b.  Less  than  2  cups  c.  Less  than  4  but  more  than  2 

cups 

d.  4-7  cups  e.  8  cups  or  more 


v  v  v  v.v:  v 


16.  Rate  your  personal  level  of  fatigue  at  the  present  time  according  to  the 
following  scale  (circle  letter  of  correct  response). 


a.  Well  rested 


b.  Rested,  but  not  fully  rested 


c.  Slight  fatigued,  but  OK  to  fly  d.  Fatigued,  OK  to  fly 
e.  Fatigued,  should  not  fly 

17.  If  NVG  qualified,  what  is  the  maximum  time  you  have  flown  without 

removing  than?  _ 

18.  What  is  the  maximum  flight  time  (continuous)  you  feel  you  can  fly  with 

night  vision  goggles?  _ _ 

19.  What  is  the  maximum  flight  time  (continuous)  you  feel  you  could  fly  with 

night  vision  goggles  and  still  be  safe?  _ 

20.  In  your  opinion,  what  are  the  major  benefits  of  NVG?  (List  below) 


21.  In  your  opinion,  what  are  the  major  discrepancies  of  NVG?  (List  below) 


%  •• 


-  .v;  _%  *. 


POSTFLIGHT  QUESTIONNAIRE 

1.  Rate  your  level  of  fatigue  (circle  letter  of  correct  response): 

a.  Feel  good;  could  fly  NVG  again  immediately. 

b.  Slightly  tired;  could  fly  NVG  again  in  30  minutes  to  an  hour. 

c.  Moderately  tired;  could  fly  NVG  again  in  4-5  hours. 

d.  Severely  tired;  could  fly  NVG  again  in  8-10  hours  after  a  period 
of  sleep. 

e.  Exhausted;  could  not  fly  NVG  again  within  24  hours? 

2.  In  a  24-hour  period,  what  is  the  maximum  number  of  NVG  flight  hours 

you  would  recommend?  _  Why?  _ 


3.  In  a  72-hour  period,  what  is  the  maximum  number  of  NVG  flight  hours 
you  would  recommend?  _  Why?  _ 


4.  In  a  1-week  period,  what  is  the  maximum  number  of  NVG  flight  hours 
you  would  recommend?  _  Why?  _ 


5.  Were  you  to  fly  day  flight  (no  NVG)  as  well  as  night  (with  NVG),  how 
would  that  affect  your  estimates  in  2,  3t  and  4  above? 


APPENDIX  C 

VARIABLE  PLOTS  BY  VISUAL  CONDITION,  DAY,  AND  PLIGHT 
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Day  1  Day  2 

Cyclic  fore/aft  control  position  standard  deviation  for  visual  condition 
groups  on  each  day. 


Day  1  Day  2 


Cyclic  left/right  control  position  standard  deviation  for  visual  condition 
groups  on  each  day. 


3 


Flight  Number 
Day  2 


Flight  Number 
Day  1 

Collective  control  position  standard  deviation  for  visual  condition  groups  on 
each  day. 


Day  1  Day  2 


Pedal  control  position  standard  deviation  for  visual  condition  groups  on  each 


2  3 

Flight  Number 
Day  1 


1 


2  3 

Flight  Number 
Day  2 


Pitch  standard  deviation  for  visual  condition  groups  on  each  day. 


3.6 

3.2 


a 

a  2.o 


o 

“0.8 


NVG  Group  1 


Ne  Group  0 


0.4 


0.0 


1 


_ I _ I _ 1 

2  3 

Flight  Number 
Day  1 


Group  0 


NE  Group  1 


i _ I - 

1  2  3 

Flight  Number 
Day  2 


Roll  standard  deviation  for  visual  condition  groups  on  each  day 


S  (in  Inchns) 


Radar  altitude  standard  deviation  for  visual  condition  groups  on  each  day 
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Technical  Library  Division 
White  Sands  Missile  Range 
New  Mexico,  88002 

US  Air  Force 
Flight  Test  Center 
Technical  Library,  Stop  238 
Edwards  AFB,  CA  93523 

US  Army  Aviation  Engineering 
Flight  Activity 
ATTN:  DAVTE-M  (Tech  Lib) 

Edwards  AFB,  CA  93523 

US  Navy 

Naval  Weapons  Center 
Tech  Library  Division 
Code  2333 

China  Lake,  CA  93555 

US  Army  Combat  Developments 
Experimental  Command 
Technical  Library 
Hq,  USACDEC 
Box  22 

Ft  Ord,  CA  93941 

Aeromechanics  Laboratory 
US  Army  Rsch  &  Tech  Labs 
Ames  Research  Center,  M/S  215-1 
Moffett  Field,  CA  94035 


Commander 

Letterman  Army  Institute  of  Rsch 
ATTN:  Med  Rsch  Library 
Presidio  of  San  Francisco 
CA  94129 

Sixth  US  Army 
ATTN :  SMA 

Presidio  of  San  Francisco 
CA  94129 

Director 

Naval  Biosciences  Laboratory 
Naval  Supply  Center,  Bldg  844 
Oakland,  CA  94625 
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Col  F.  Cadigan 
DAO-AMLOUS  B 
Box  36,  US  Embassy 
FPO  New  York  09510 

Staff  Officer,  Aerospace  Medicine 
RAF  Staff 
British  Embassy 
3100  Massachusetts  Ave,  NW 
Washington,  DA  20008 

Department  of  Defence 
R.A.N.  Rsch  Laboratory 
P.0.  Box  706 

Darlinghurst ,  N.S.W.  2010 
Australia 

Canadian  Society  of  Avn  Med 
c/o  Acad  of  Med,  Toronto 
ATTN:  Ms  Carmen  King 
288  Bloor  Street  West 
Toronto,  Ontario 
M55  1V8 

Canadian  Air  Line  Pilot's  Assn 
MAJ  J.  Soutendam  (Ret) 

1300  Steeles  Ave  East 
Brampton,  Ontario,  Canada 
L6T  1A2 

Canadian  Forces  Med  Ln  Off 
Canadian  Defence  Ln  Staff 
2450  Massachusetts  Ave,  NW 
Washington,  DC  20008 

Commanding  Officer 
404  Maritime  Training  Squadron 
Canadian  Forces  Base  Greenwood 
Greenwood,  N.S.  BOP  1N0  Canada 
ATTN:  Aeromed  Tng  Unit 

Officer  Commanding 
School  of  Operational  and 
Aerospace  Medicine 
DCIEM 

PO  Box  2000 

1133  Sheppard  Avenue  West 
Downsview,  Ontario,  Canada 
M3M  3B9 


Nat ional  Defence  Headquarters 
101  Colonel  By  Drive 
Ottowa,  Ontario,  Canada 
K1A  OK 2 
ATTN:  DPM 


